Abscisic acid (ABA), gibberellin Al (GA1), GA4, GA9, GA12, GA15, GA19, GA20, GA24, GA34, GA44, GA51 and 3-epi-GA4 were identified by full-scan gas chromatography/mass spectrometry (GC/MS) and/or GC/selected ion monitoring (GC/SIM) in purified extracts of dormant bulbs of Litium elegans Thunb. cv. Connecticut King. The findings suggest that two independent GA biosynthetic pathways exist, the early-non-hydroxylation pathway leading to GA4 (active GA) and the early-13-hydroxylation pathway leading to GA1
; exposure to 30•Ž also promoted it (Yasui, 1973 ogenously applied gibberellin A4/7 (GA4/7) was more effective than GA3 in breaking dormancy in L. longiflorum ; whereas cis, trans-abscisic acid (ABA) partially negated the effect of cold treatment on the process (Lin et al., 1975) . Ohkawa (1979) showed that GA4/7 induced bulb sprouting in L. speciosum , whereas GA3 had no effect. Evidence that dormancy and its release were closely related to endogenous levels of plant hormones was uncovered by Wang and Roberts (1970) and Okubo et al. (1988) , but no definitive identification of the hormones was made.
In this report the identification of GAs and ABA by gas chromatography/mass spectrometry (GC/MS) from purified extracts of dormant L. elegans bulbs, and changes in their endogenous levels during and after cold treatment are described. 
Identification of GAs and their quantitative changes
In the growth-promoting fractions in the Me0H extract of the dormant lily bulbs (Fig. 2) , GA4, 3-epi-GA4, GA9, GA12, GA15, GA19, GA24, GA34, GA44, and GA51 were identified by Kovats retention indices (KRI) and full-scan mass spectra in the GC/MS analysis ( Table 2 ). The major GAs were GA19, GA24, and GA34. Although GA1 and GA20
were not identified by full-scan GC/MS, their presence was confirmed by GC/SIM in the quantitative analysis.
Quantification
of GA1, GA20, GA19, GA4, GA9 and GA24 in the bulbs during the cold treatment levels of GA1, GA4, GA9, GA19, and GA20 differed little between sprouting and non-sprouting bulbs. The level of GA24 increased during the cold treatment and the following 5 days afer transplantation. Ten days later, the level in non-sprouting bulbs increased to about 1,580 ng/100gFW, whereas in sprouting bulbs, the GA24 content reverted to its original post-cold treatment level.
Discussion
In this study, endogenous ABA and GAs in the lily bulbs (L. elegans) were identified and their levels during cold treatment and subsequent growing period investigated. That the levels of ABA (Moore and Smith, 1985) . The evidence suggests that endogenous ABA controls the dormancy of buds/seeds in higher plants. In this study, we found that the endogenous ABA level in L. elegans bulbs increased during the cold treatment. Since the level of GA4 which is expected to promote dormancy breaking (Ohkawa, 1979) increased during cold treatment, the increased ABA may serve to extend dormancy during the cold treatment.
Information on relationships between bud dor-mancy and endogenous GAs in higher plants has been limited. With respect to changes in endogenous GA contents, Metzger (1985) and Pharis and King (1985) reported that endogenous GA contents increased in some rosette plants during cultivation following a cold treatment.
Our qualitative and quantitative analyses of endogenous GAs in the dormant L. elegans bulbs during and a following cold treatment revealed that the dormant lily bulbs contain eight non-13-hydroxy-GAs and four 13-hydroxy-GAs. Based on current knowledge, two independent GA biosynthetic pathways, the early-non-hydroxylation pathway leading to GA4 (Nakayama et al., 1991) and the early-13-hydroxylation pathway leading to GA1 (Phinney and Spray, 1982) , probably exist in the lily bulbs (Fig. 3) .
In the quantitative analysis, the 13-hydroxyGAs such as GA1, GA20, and GA19 decreased during the cold treatment; their low levels were maintained for 15 days after the cold treatment, suggesting that those GAs presumably did not play important roles on bulb dormancy or its release.
On the other hand, changes in the levels of the non-13-hydroxy-GAs such as GA4, GA9, and GA24
were quite different from those of the 13-hydroxyGAs. The levels of GA4 and GA24 at the end of cold treatment were higher than those of the other GAs. The high endogenous level of GA24, a precursor of GA4, was maintained after the cold treatment. Though the level of GA4 decreased rapidly after the cold treatment, the turnover ratio of GA4 may have been high. These results suggest that GA4 may play a principal role in releasing bulbs of L. elegans bulbs from dormancy. That GA4 /7 is effective in breaking dormancy of a related species, L. speciosum (Ohkawa, 1979 ) supports our postulation.
